A c c e p t e d M a n u s c r i p t
FRONTAL CORTEX AND AUDITORY RS IN INFANCY 8
Specifically, we compared responses in frontal, temporal and occipital cortices to the visual stimuli that vary along many perceptual dimensions (i.e., to drive repetition 12 suppression broadly in both the auditory and visual systems) but are engaging to infants 13 (i.e., to maintain their attention throughout the experiment). To this end, we presented 14 infants with familiar words (e.g., "doggie") and smiling faces from a diverse group of people. Participants were identified as 88.9 percent Caucasian; 1 was identified as black. Two were 22 identified as Hispanic with the remainder identified as non-hispanic. Infants who were 23 tested could be excluded from subsequent analyses for three reasons defined a priori: 1) for 24 not looking for at least three blocks in all four conditions (12 blocks total), 2) for excessive Repeated. These blocks vary along two dimensions: Stimulus Modality and Presentation Type. Stimulus modality is either visual or auditory blocks which di er in the type of stimuli employed (8 smiling faces and 8 familiar words spoken in infant-directed speech, respectively). Presentation Type corresponds to whether all 8 of these stimuli are presented in random order or whether a single stimulus is repeated 8 times: Variable and Repeated blocks, respectively. poor cap fit, or excess hair or 3) if their average response to any condition was a significant 1 outlier (+/-2SD). Eight additional participants were excluded based on these criteria -7 2 for noisy recordings and one for fussiness and refusal to wear the NIRS cap. visual di erences such as color, luminance, and spatial frequency.
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All four block conditions (visual Repeated, visual Variable, auditory Repeated,
11
auditory Variable) were presented in shu ed order. The same stimuli were used for both 
17
In between blocks, a baseline video was presented with dim fireworks on the screen 18 and soft music (length was pre-determined and randomly selected to be between 4-9 19 seconds). Note that under ideal circumstances, the baseline should contain neither auditory 20 nor visual stimuli. However, it is not possible to maintain infants' attention and avoid their 21 tendency to become fussy in the absence of any stimulation. Thus, the low-salience 22 fireworks and music displays served as a minimally salient inter-block baseline. To control
23
for cross-modal (auditory-visual) activation, during the audio blocks, the fireworks video 24 continued to play on the screen, and during the visual blocks, the music continued to play 25 in the background. Thus, all blocks contained cross-modal sensory input with the 26 cross-modal input being the same as that employed in the baseline (e.g., for the visual A c c e p t e d M a n u s c r i p t blocks, the same calm, soft music as the baseline was played). Participants watched the 1 video display until they stopped looking consistently or all experimental blocks were 2 viewed.
3
fNIRS Recordings. fNIRS recordings were collected using a Hitachi ETG-4000.
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Twenty-four channels were used in the NIRS cap, with 12 over the back of the head to 5 record bilaterally from the occipital lobe, and 12 over the left side of the head to record 6 from the left temporal lobe. The channels were organized in two 3x3 arrays, and the cap 7 was placed so that, for the lateral array, the central optode on the most ventral row was 8 centered over the left ear and, for the rear array, the central optode on the most ventral 9 row was centered between the ears and over the inion. This cap position was chosen based 10 on which NIRS channels were most likely to record from temporal and occipital cortex in infants. Due to curvature of the infant head, a number of channels did not provide 12 consistently good optical contact across infants (the most dorsal channels for each pad).
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We did not consider the recordings from these channels in subsequent analyses and only 14 considered a subset of the channels (7 for the lateral pad over the ear and 5 for the pad at 15 the rear array). Caretakers were instructed to refrain from influencing their children, only 16 providing comfort if needed and to keep their children from either grabbing at the cap or 17 rubbing their head against the caregiver.
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In order to provide clear, quantifiable anatomical localizations for our fNIRS fNIRS Pre-Processing. fNIRS recordings were collected at 10 Hz (every 100 ms).
23
The raw data were exported from the Hitachi ETG-4000 to MATLAB (version 2006a for A c c e p t e d M a n u s c r i p t 1. See Figure 2 for a depiction of the location of these channels on the holder. 2. All 'parietal' localizations in this ROI localize to the lateral occipital cortex (LOC) or middle occipital in the other atlases. These regions are on border of occipital and parietal lobes but broadly considered as a cortical region involved in visual processing. Thus, these localization to parietal are considered functionally equivalent to occipital in relation to the goal of determining a visual/occipital ROI.
M a n u s c r i p t Table 1 ). 6.0 seconds and so on).
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Results
18
Infants included in the final analysis watched each condition an average of 5.5 times
19
(SD = 1.06) for a total of 22 blocks (SD = 4.26). responses to auditory stimuli in the temporal cortex to baseline, we find a significant 23 1 It is essential to note that this experiment has a very strong and specific hypothesis about the direction of di erence between conditions: Evidence of repetition suppression will be only true if there is greater activity for the Variable condition compared to the Repeated condition. Indeed, if we had found repetition enhancement (i.e., increased neural activity for Repeated condition compared to Variable), we would have had to conduct additional experiments to clarify and replication such an unexpected result. Thus, a onetailed t-test is a suitable statistical test here. A c c e p t e d M a n u s c r i p t Repeated face block (the first repetition of a given face), the first Super-Repeated face 10 block was considered part of the Repeated face condition.
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Results
12
Experiment 2 had five conditions and only presented visual stimuli, whereas
13
Experiment 1 had four conditions (2 visual and 2 auditory). However, the infants included Turning to the frontal lobe responses, we find patterns consistent with Experiment 1
5
(see Figure 9 ). Specifically, we again do not find evidence for repetition suppression in the 6 frontal lobe to visual stimuli. We also see some suggestion of repetition enhancement. 
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Turning to the frontal lobe, we find no significant response to either fruit condition
12
(Variable or Repeated, ps >0.14) nor any evidence for increased response to the Variable continue to find no evidence for repetition suppression to visual stimuli in the frontal lobe, 17 we do not find any suggestion of repetition enhancement for fruit stimuli. conditions in Figure 9 ). In the occipital lobe, there is a robust response to the super 
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We also confirm and extend findings concerning the frontal lobe. Specifically, we 19 continue to find a lack of RS in the frontal lobe to faces but find the same pattern to fruit correspond to the temporal and lateral frontal ROIs from the previous two experiments. 18 The third ROI corresponds to the large bilateral medial frontal ROI and is the focus of the ROIs superimposed on an average infant MRI which weights the color-saturation based on 21 the density of recordings over the sample of infants.
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In addition, there were two ROIs roughly corresponding to the temporal and frontal 
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Variable Repeated Figure 11 . Responses (averaged from 6 through 14.5 seconds) in the bilateral frontal ROI to auditory and visual stimuli in both variable and repeated conditions. Error bars indicate the standard error of the mean.
General Discussion
1
The current study is the first systematic investigation of the e ects of stimulus we do also examine responses in the temporal ROI to visual repetition and also find no 10 evidence for visual RS ( Figure S3 ). This comparison too is di cult to make as Kobayashi
11
and colleagues record more posterior regions of the temporal lobe than the current study in methods including specific stimuli, baselines, and probe locations.
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While the current discussion largely restricts itself to neuroimaging methods that can and is an important area for future research.
suggestion of visual RS in the occipital lobe, we find strong evidence for RS in the infant Overall, the current paper provides the first evidence that the developing brain does 
